Introduction: Antiretroviral therapy (ART) in the treatment of HIV infection has allowed maximum control of viral replication and reconstruction of the immune system, which has contributed to the long-term survival. However, it has been observed that a long-term use of ART can lead to cumulative toxicity and metabolic abnormalities. Aim: The aim of this study was to determine whether there is a difference in lipidogram, glycemia and body mass index (BMI) before and after the initiation of ART, and to determine in which of the antiretroviral drugs the changes in the values of the measured variables were most common. Material and methods: The research was conducted at the Clinic for Infectious Diseases, Clinical Center of Kragujevac, as a prospective study involving 40 patients diagnosed with HIV infection. Biochemical parameters and BMI calculation were performed before the initiation of ART and one year after. Results: The analysis of the observed variables indicated a statistically significant difference in total cholesterol (p = 0.001), HDL (p = 0.002), LDL (p = 0.003), triglycerides (p < 0.001), glucose (p < 0.001) and BMI (p = 0.002). By analyzing the administered АRT therapy, statistical significance was achieved in the measured triglyceride values after the administration of ritonavir and lopinavir, while the highest BMI values, compared to initial ones, were observed after the administration of ritonavir, but without achieving statistical significance.
Introduction
Human immunodeficiency virus (HIV) belongs to the retrovirus family and lentiviride subfamily. The main feature of retrovirus is the conversion of viral RNA into the DNA by reverse transcription mechanism under the effect of the reversible transcriptase encoding enzyme. There are two types of HIV, HIV-1 and HIV-2, both of which cause a chronic infection with progressive impairment of the immune system. Epidemiological and genetic data indicate that both infections have been present in human population for at least several decades, and HIV-2 has been present as an endemic form in West Africa, probably much longer. The HIV-2 is genetically more similar to monkey immunodeficiency virus, it is less virulent, and the infection has slow progression (1) .
Acquired immunodeficiency syndrome (AIDS) is the terminal phase of chronic HIV infection. The first cases of AIDS were described in 1981 in America and next year all over the world. The diagnosis of AIDS in HIV infected patients is found in all patients with a total CD4 lymphocyte count of less than 200/mm3, as well as in those with AIDS-indicative diseases (invasive cervical cancer, Kaposi's sarcoma, progressive multifocal leukoencephalopathy, visceral toxoplasmosis, lymphoma, HIV wasting syndrome and others) (1) . Antiretroviral therapy has a major impact on the prognosis of patients with HIV infection. Before 1996, there were only a few antiretroviral drugs and the treatment of HIV infection consisted mainly of prophylaxis of common opportunistic pathogens and the treatment of AIDS-related diseases. The first drug approved for use in 1986 was zidovudine, a nucleoside reverse transcriptase inhibitor, and then didanosine and stavudine, which also belong to this group of antiretroviral drugs. Thereafter, non-nucleotide reverse transcriptase inhibitors such as efavirenz were synthetized, as well as protease inhibitors, out of which the most significant were indinavir, sakvinavir, lopinavir and ritonavir. Recent antiretroviral drugs include fusion inhibitors, CCR5 antagonists and integrase inhibitors. Since its discovery, antiretroviral therapy has made remarkable progress, especially thanks to the combination of antiretroviral drugs, known as Highly Active Antiretroviral Therapy (HAART) (2) . Antiretroviral therapy (ART) enabled maximum control of viral replication and the reconstitution of the immune system, thereby contributing to the prolonged survival of patients with advanced disease as well, extending the life expectancy of patients for several decades. However, the prolongation of life expectancy leads to the exposure of these patients to the cumulative toxicity of antiretroviral drugs. A significant number of patients have developed a cluster of metabolic abnormalities, called metabolic syndrome, which includes lipodystrophy, dyslipidemia and insulin resistance. The pathophysiology of cardiovascular disease in patients with HIV is complex Sažetak Ključne reči: HIV, antiretrovirusna terapija, kardiovaskularna bolest, inhibitori proteaze, hiperlipidemija (3) . HIV infection itself can accelerate the process of atherosclerosis by mechanisms associated with the activation of the immune system, chronic inflammation, coagulation disorders and lipid status (4) . It was demonstrated that hyperlipidemia associated with an increased risk of cardiovascular disease could be found in 70% and diabetes mellitus type 2 in 8-10% of patients. The study proved the prevalence of lipodystrophy of 29.1%, with the increase over time and reaching 100% after ten years of therapy. An increased risk of cardiovascular disease was observed as well, with an estimated ten-year risk of 10% (5).
The objectives of the research were: 1) to determine whether there is a difference in the measured values of lipidograms (cholesterol, triglycerides, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, glycaemia, before and after the initiation of ART; 2) to determine whether there is a difference in body mass index (BMI) values, before and after starting ART; 3) if there is a difference, to determine which group of antiretroviral drugs changes the values of the measured variables most frequently.
Material and methods
The research involved 40 patients with HIV infection, who were hospitalized and clinically treated at the Clinic for Infectious Diseases of the Clinical Center of Kragujevac.
The study started in October 2015 and lasted until March 2017. Only HIV positive patients in whom a treatment with antiretroviral therapy had been started, and were over 18 years of age, were included in the study. The study excluded patients who had already been diagnosed with some of the cardiovascular diseases such as ischemic heart disease, ischemic disease of the cerebrovascular system, cardiomyopathy, or the existence of risk factors for the development of cardiovascular disease in the sense of already diagnosed hypertension. Also, previously diagnosed diabetes mellitus, or the presence of insulin resistance were excluding factors. The following biochemical parameters were analyzed: triglycerides, cholesterol, LDL, HDL and fasting glucose. The examined variables were sampled before initiation of antiretroviral therapy and one year after continuous therapy. All patients in whom antiretroviral therapy was corrected during the one-year period, due to the existence of resistance or adverse effects, were excluded from the study. Laboratory analyzes were determined in the Laboratory Diagnostic Service of the Clinical Center of Kragujevac. For each patient, values of arterial pressure and BMI were measured. The atherosclerosis index was calculated according to the following formula: Index = LDL / HDL. In addition to monitoring certain parameters, one part of data were collected retrospectively, by the insight into medical documentation.
All statistical analyses were conducted using software package IBM SPSS Statistics 22. The results were analyzed using Student's t-test or Mann-Whitney test on the dependence of normal distribution determined by KolmogorovSmirnov test. The data were expressed as the mean ± standard error (SEM). All statistical analyses in this paper were conducted with confidence interval of 95%. Values of p < 0.05 were considered statistically significant.
Results
The study involved 40 patients, 32 male patients (80%), and 8 female patients (20%). The average age of male patients was 37 (± 9.72), while female patients were 43 (± 14.01) years old. The most significant risk factor in both groups was a risky sexual contact, male patients were dominated by a homosexual contact (69%), and female patients were dominated by heterosexual contact (20%). In only a few male patients, a sex risk factor for HIV infection was the earlier use of intravenous narcotic drugs (7,5%), while in one female patient, the only risk factor was blood transfusion (2,5%).
By analyzing total cholesterol values just before initiating antiretroviral therapy and one year after the initiation of antiretroviral therapy, there was a statistically significant difference (median values: 4.69 vs. 6.49; p = 0.001). (table 1) .
On the other hand, the atherosclerosis index did not show statistical significance in the measured values. By analyzing triglyceride values, a year before and a year after starting ART, the statistical significance was observed (median values: 1.85 vs. 4.53; p < 0.001).
The non-parametric test showed that there was a statistically significant difference in fasting glucose values, in relation to the initial values before the introduction of the therapy (p < 0.001). Also, the statistical significance in the measured values (median values: 21.61 vs. 24.63; p = 0.002) was observed by analyzing the BMI values measured before and after the initiation of antiretroviral therapy.
The most commonly prescribed combination of ART in our study was abacavir/lamivudine and efavirenz in 16 (40%). Other prescribed combinations in our Center were abacavir/lamivudine/lopinavir/ritonavir and zidovudine/lamivudine/nevirapine and other. In patients treated with protease inhibitors, in the first place ritonavir (p = 0,049) and lopinavir (p = 0.048) statistical significance in triglyceride values was observed, compared to patients who were not treated with drugs from the group of protease inhibitors (non-nucleoside reverse transcriptase inhibitors and integrase inhibitors). All patients had nucleoside reverse transcriptase inhibitors like backbone therapy, except one.
Discussion
Today, there are several antiretroviral agents so that, in addition to previously known drugs from the group of nucleoside and non-nucleoside reverse transcriptase inhibitors and protease inhibitors, other groups, such as nucleotide reverse transcriptase inhibitors, integrase inhibitors, fusion inhibitors and coreceptor antagonists have been approved. In our study, most patients were treated with a combination of nucleoside Although it is still an incurable disease, thanks to antiretroviral therapy, HIV infection does not represent a deadly disease, but a chronic infection with which the patients live even in the case of the presence of viral resistance. Antiretroviral therapy leads to suppression of viral replication and so improves and maintains the function of the immune system, thereby reducing the risk of developing AIDS-associated diseases, as well as other complications (6, 7) . It is known that the antiretroviral therapy has numerous side effects such as lipodystrophy, gastrointestinal disorders, metabolic disorders, insulin resistance and dyslipidemia, as indicated by our results.
The results of the study show an increase in the measured values of lipidogram, both of total cholesterol and of triglycerides, after one year of taking antiretroviral therapy. Also, the measured glycemic values after one year indicated the existence of statistical significance, which is in favor of other studies that indicate the relationship between antiretroviral therapy and insulin resistance (8) . Previous studies showed that the incidence of type 2 diabetes mellitus is four times more common in HIV positive patients compared to the general population, and abacavir affects insulin resistance, in particular (9) .
What certainly contributed to our results in the research is that the majority of patients have been treated with antiretroviral therapy of an older generation, which is known to have numerous side effects. Thus, one group of patients was treated with zidovudine, from a group of nucleoside inhibitors for which it was proven to be associated with mitochondrial toxicity. On the other hand, the most common drugs from the group of protease inhibitors were lopinavir with ritonavir enhancer, which have numerous undesirable gastrointestinal effects with a known association with dyslipidemia and lipodystrophy (10, 11) . Studies dating from 2010, such as French Hospital Database on HIV (FHDH), demonstrated the existence of cumulative effects in protease inhibitors that are associated with increased cardiovascular risk (12) . It is believed that the prolonged usage of an older generation of protease inhibitors with some nucleoside inhibitors such as zidovudine, stavudine and didanosine, is specifically related to the development of mitochondrial toxicity (13) .
One should not forget that the HIV virus itself has been proven to cause an atherosclerosis by various mechanisms such as immune activation, chronic inflammation and coagulopathy disorder (14) . A direct effect of HIV virus is associated with a damage of the endothelium due to atheism molecules and the stimulation of proliferation of vascular smooth muscles, which contributes to the development of arteriosclerosis (15) . From all the above mentioned, it can be concluded that the long-term untreated infection, especially in the AIDS phase, is also associated with endothelial damage as a result of chronic inflammation.
Conclusion
Antiretroviral therapy has an effect on the rise in triglyceride and cholesterol levels, which represents one of the risk factors for the development of cardiovascular disease. Particularly emphasized are protease inhibitors of the older generation, such as lopinavir/ritonavir, also known to have an effect on the occurrence of a metabolic syndrome.
Despite the fact that antiretroviral therapy has a number of side effects, as well as the possibility to develop resistance, an early recognition of infection and the detection of a clinical stage of the disease is crucial for the introduction of an antiviral therapy. It is undoubtedly contributed not only to the prolongation of the life span of these patients, but also to the significantly higher quality of their life.
